Introduction
Cervical spinal cord injury may impair normal respiratory function because the injury may interrupt the descending respiratory drive from the rostral ventral respiratory group (rVRG) of neurons in the medulla to phrenic motoneurons (Golder and Mitchell, 2005; Fuller et al., 2008; Dobbins and Feldman, 1994) . Cervical (C2) spinal cord hemisection leads to the complete paralysis of the ipsilateral hemidiaphragm in adult rats (Goshgarian, 1979; Moreno et al., 1992) . Respiratory function can be restored to the paralyzed hemidiaphragm following spinal cord hemisection in adult rats by the administration of various drugs (Nantwi and Goshgarian, 1998; Alilain and Goshgarian, 2007; Kajana and Goshgarian, 2008) . The restored function to the paralyzed hemidiaphragm is mediated by activating a latent crossed respiratory pathway which has been referred to as ''the crossed phrenic pathway'' (Goshgarian, 2003; Moreno et al., 1992; Fig. 1) . In this paper, recovered activity recorded in the ipsilateral hemidiaphragm and mediated by the activation of the crossed phrenic pathway will be referred to as ''crossed phrenic activity''.
The crossed phrenic pathway is initially active and functional during early postnatal development as shown by both an in vitro study as well as an in vivo study (Zimmer and Goshgarian, 2005; Huang and Goshgarian, 2009 ). In the in vivo study, crossed phrenic activity was recorded immediately following hemisection in ventral, lateral, and dorsal parts of the ipsilateral hemidiaphragm in the first postnatal week. After the first postnatal week, however, this activity was observed only in the ventral area of the ipsilateral hemidiaphragm and the extent of crossed phrenic activity was reduced quantitatively from P7 to P28 (Huang and Goshgarian, 2009) . By postnatal day 35, the pathway converted from a functional to a latent state and the activity was no longer recorded in the hemidiaphragm ipsilateral to hemisection. Although the spontaneous expression of crossed phrenic activity has been observed in neonatal rats (Huang and Goshgarian, 2009) , the mechanisms that mediate the spontaneous activity are still unknown.
In bulbospinal respiratory pathways, glutamate is the major excitatory neurotransmitter (McCrimmon et al., 1989; Liu et al., 1990; Ge and Feldman, 1998; Tai and Goshgarian, 1996) . Cervical spinal cord hemisection rostral to the phrenic nucleus leads to paralysis of the ipsilateral hemidiaphragm in adult rats. Respiratory function can be restored to the paralyzed hemidiaphragm by activating a latent respiratory motor pathway. The latent pathway is called the crossed phrenic pathway. In adult rats, the pathway can be activated by drug-induced upregulation of NMDA receptor NR2A subunit and AMPA receptor GluR1 subunit in the phrenic nucleus following hemisection. In neonatal rats, this pathway is not latent as shown by the spontaneous expression of activity in the ipsilateral hemidiaphragm following hemisection. We hypothesized that the NR2A and GluR1 subunits may be highly expressed naturally on phrenic motoneurons of neonatal rats and may play a potential role in mediating the spontaneous expression of activity in the ipsilateral hemidiaphragm after hemisection. To test this hypothesis, the protein levels of NR2A and GluR1 in different age rats were assessed via Western blot analysis immediately following C2 hemisection and EMG recording of crossed phrenic activity. The protein levels of NR2A and GluR1 were transiently high in postnatal day 2 (P2) rats and then was significantly reduced in P7 and P35 animals. An immunofluorescence study qualitatively supported these findings. The present results indicate that the developmental downregulation of the phrenic nucleus glutamate receptor subunits correlates with the conversion of the crossed phrenic pathway in older postnatal animals from an active state to a latent state.
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